Objective The association between narcolepsy and rapid eye movement (REM)-related obstructive sleep apnea (OSA) has not been reported. This study aimed to examine the prevalence of REM-related OSA in narcolepsy patients. Methods From January 2013 to April 2018, 141 adult patients were diagnosed with narcolepsy using nocturnal polysomnography and the multiple sleep latency test. The prevalence of REM-related OSA in narcolepsy patients was retrospectively reviewed. Three criteria were used to determine REM-related OSA: Definition #1, an overall apnea-hypopnea index (AHI) ! 5 and AHI during REM (AHIREM)/AHI during non-rapid eye movement (NREM) (AHINREM) ! 2; Definition #2, an overall AHI ! 5 and AHIREM/AHINREM ! 2 and AHINREM <15; and Definition #3, an overall AHI ! 5 and AHIREM/AHINREM ! 2 and AHINREM <8 plus an REM sleep duration >10.5 minutes. Results Of the 141 narcolepsy patients, 26 were diagnosed with narcolepsy with cataplexy (NA-CA) and 115 with narcolepsy without cataplexy (NA w/o CA). Seventeen patients with NA-CA and 39 with NA w/o CA had OSA. According to Definition #1, the prevalence of REM-related OSA was 47.1% and 41.0%, respectively, in OSA patients with NA-CA and NA w/o CA; according to Definition #2, the respective prevalence was 47.1% and 38.5%, while that according to Definition #3 was 41.2% and 25.6%. No significant differences were found in the prevalence of REM-related OSA for each definition. Conclusion A high prevalence of REM-related OSA was confirmed in adult narcolepsy patients with OSA. Compared to previous reports, we noted a high frequency of REM-related OSA satisfying the relatively strict Definition #3. These results might reflect the pathophysiological characteristics of narcolepsy.
Introduction
Narcolepsy is a neurological disorder with several primary symptoms: excessive daytime sleepiness (EDS), cataplexy, and rapid eye movement (REM)-related symptoms, such as hypnagogic hallucination and sleep paralysis caused by an increased propensity for REM sleep (1, 2) . Obesity is not a primary symptom of patients with narcolepsy; however, previous studies have noted an association between narcolepsy and an increased body mass index (BMI) (3) . Furthermore, obesity is a potent risk factor of obstructive sleep apnea (OSA) (4) . Therefore, narcolepsy patients tend to suffer from OSA and sometime need therapeutic intervention, such as continuous positive airway pressure (CPAP) therapy (5) .
OSA is characterized by repetitive apnea and hypopnea due to total or partial collapse of the upper airway during sleep. In recent reports, OSA has often been divided into two patterns of pathophysiology: non-stage specific OSA and REM-related OSA (6) . Clinically, it is important to separate OSA into these patterns because previous studies have indicated that REM-related OSA is independently asso-ciated with prevalent and incident hypertension, increased insulin resistance, impairment of human spatial navigational memory, and non-dipping nocturnal blood pressure (7, 8) . Furthermore, recent studies have reported that patients with REM-related OSA occasionally do not tolerate CPAP therapy (6, 9) .
Several studies have described the prevalence of OSA and pathophysiological mechanisms contributing to an increased rate of OSA in narcolepsy patients (5, (10) (11) (12) (13) (14) . However, the association between narcolepsy and REM-related OSA has not been reported. The aim of this study was to clarify the prevalence of REM-related OSA in adult narcolepsy patients diagnosed in our sleep disorders center.
Materials and Methods
This retrospective study was approved by the ethics committee of Aichi Medical University Hospital (AMUH). Informed consent was waived due to the non-invasive and retrospective nature of this study. We assessed 896 patients who first visited our sleep center at AMUH and underwent polysomnography (PSG) and the 5-nap multiple sleep latency test (MSLT) due to suspicion of narcolepsy, hypersomnia, or other sleep disorders from January 2013 to April 2018. A total of 190 of the 896 patients met the International Classification of Sleep Disorders (ICSD)-2 criteria for narcolepsy (15) . Of these 190 patients, 49 who were <18 years of age were excluded, as the criteria of OSA are different for pediatric patients according to ICSD-2. Ultimately, 141 adult patients were enrolled in this study. At the time of the first visit, all patients filled out questionnaire, which was used to determine the Epworth sleepiness scale (ESS) and the presence of cataplexy, hypnogogic hallucination, and sleep paralysis. All patients underwent diagnostic overnight PSG followed by the 5-nap MSLT the following morning (16) .
Overnight PSG was performed on an Alice 6 System (Philips Respironics, Tokyo, Japan). The following biological variables were continuously monitored: electroencephalogram (EEG), submental and anterior tibial electromyogram (EMG), electrocardiogram (ECG), bilateral electrooculogram (EOG), airflow measured by nasal pressure transducer and thermistor, respiratory effort measured by thoracic and abdominal inductive plethysmography bands, body position, snoring sound, and arterial oxygen saturation. Apnea, hypopnea, and other PSG parameters were scored manually by polysomnographic technologist according to the American Academy of Sleep Medicine (AASM) 2007, version 2.1 (17) . The apnea-hypopnea index (AHI) was defined as the average number of apnea and hypopnea events per hour of sleep, and OSA was defined by an AHI ! 5 according to ICSD-2 (15) . According to previous reports, three criteria were used to determine REM-related OSA: Definition #1: an overall AHI ! 5 and AHI during REM (AHIREM)/AHI during non-rapid eye movement (NREM) (AHINREM) ! 2, Definition #2: an overall AHI ! 5 and AHIREM/AHINREM ! 2 and AHINREM <15 and Definition #3: an overall AHI ! 5 and AHIREM/ AHINREM ! 2 and AHINREM <8 and REM sleep duration >10.5 minutes (6, 18, 19) .
The MSLT consisted of 5 naps performed on the day after PSG according to the standard protocol (20) . Narcolepsy was diagnosed and subdivided into narcolepsy with cataplexy (NA-CA) and narcolepsy without cataplexy (NA w/o CA) according to ICSD-2 (15) . In this study, none of patients underwent the measurement of their cerebrospinal fluid orexin A level, as this examination for narcoleptics is not covered by the Japanese health insurance system.
All clinical records, PSG and MSLT date were made available in anonymize format. Using these data, we evaluated the prevalence of REM-related OSA among NA-CA and NA w/o CA patients with OSA.
Statistical analyses
All continuous variables were expressed as the mean± standard deviation. Categorical variables were expressed as the number (percentages) and were compared using Fisher's exact test. Continuous variables were compared between the groups using Student's t-test for normally distributed data or the Mann-Whitney U test for non-normally distributed data. Normality was assessed using the Shapiro-Wilk test. A p value <0.05 was considered to be statistically significant. Statistical analyses were performed using the SPSS software program for Windows, version 25.0 (SPSS, Chicago, USA).
Results
Of 141 narcolepsy patients, 26 were diagnosed with NA-CA and 115 with NA w/o CA. Seventeen patients with NA-CA and 39 with NA w/o CA had OSA (Fig. 1) . Table 1 shows demographic, polysomnographic, and MSLT findings of narcolepsy patients with and without OSA. We noted significant differences between narcolepsy patients with and without OSA in the age (35.4±15.0 vs. 27 Table 2 shows the characteristics, electrophysiological findings, and prevalence of REM-related OSA in the OSA patients with NA-CA and NA w/o CA. According to Definition #1, the prevalence of REM-related OSA was 47.1% and 41.0%, respectively, in OSA patients with NA-CA and NA w/o CA; according to Definition #2, the respective prevalence was 47.1% and 38.5%, while that according to Definition #3 was 41.2% and 25.6%. No significant differences were found in the prevalence of REM-related OSA for each definition. However, we did note a significant difference between OSA patients with NA-CA and NA w/o CA in the 
Discussion
This is the first study evaluating the prevalence of OSA and REM-related OSA in adult narcolepsy patients. Previous studies have shown that the prevalence of OSA in narcolepsy patients ranges from 2% to 68% (5, (10) (11) (12) (13) (14) . This marked variability is due to the use of inconsistent definitions for OSA and some studies being conducted in very small groups. The definitions of OSA differ among studies, ranging from AHI ! 5 (10), AHI ! 10 (5) to AHI ! 15 (13) . In the present study, we defined OSA as AHI ! 5 according to the ICSD-2, and the prevalence of OSA among patients with narcolepsy was 39.7%. Surprisingly, 17 of 26 NA-CA patients (65.4%) had OSA (Fig. 1) . These results suggest that not only do aging and a tendency to be obese play a role in OSA, but other pathophysiological mechanisms might also contribute to the increased prevalence of OSA in narcolepsy patients. Indeed, previous studies have shown that orexin deficiency attenuates the ventilator response to hypercapnia and reduces the long-term facilitation of ventilation after exposure to intermitted hypoxia (21, 22) . In addition, experimental models have shown that orexin A and B activate the hypoglossal motor activity and enhance the activity of the largest upper airway dilator muscle: the genioglossus muscle, which is important for maintaining pharyngeal patency (23, 24) . Eckert et al. reported that a reduction in the activity of such upper airway dilator muscle may be an important contributor mediating REM-related OSA (25) . With respect to previous research, it can be assumed that narcolepsy, especially in NA-CA patients with low or non-detectable levels of orexin, cannot maintain pharyngeal patency, which may lead to an increase occurrence of REM-related OSA. This hypothesis was supported by our results, as the percentage of REM-related OSA in NA-CA with OSA was higher than that in NA w/o CA with OSA ( Table 2) . Fig. 2 shows the prevalence of REM-related OSA in NA-CA and NA w/o CA patients with OSA and of the Japanese OSA sample collected by Sakao et al. (26) . The prevalence of REM-related OSA for each definition in NA-CA and NA w/o CA with OSA was higher than that of the Japanese OSA sample. These results might also reflect the pathophysiological characteristics of narcolepsy patients.
REM sleep without atonia has been reported in the patients with narcolepsy, suggesting nocturnal REM sleep motor disturbance in these patients (27) . However, our result did not show a significant difference in AHI during REM and NREM sleep between NA-CA and NA w/o CA (Table 3). These results indicated that the pathophysiological mechanism contributing REM-related OSA in the patients with narcolepsy is not fully supported by nocturnal REM sleep motor disturbance. Further studies are needed to con- firm the external validity of our study results. Table 3 shows the wide-ranging prevalence of REMrelated OSA in different studies, ranging from 11% to 45% of OSA populations (18, 19, 26, (28) (29) (30) (31) . Such variability in prevalence is due to the usage of different definitions for REM-related OSA. Conwell et al. reported that Definition # 3 led to a 12.3% decrease in prevalence when compared to Definition #2 and a 23.2% decrease in prevalence when compared to Definition #1 (19) . However, our results did not show a significant decrease in the prevalence when comparing the relatively strict Definition #3 with Definitions #1 and #2, especially in patients with NA-CA with OSA. REM-related OSA patients in this study satisfied Definition #3, the most stringent definition, with a higher frequency than in previous reports.
We noted significant differences in the antihypertensive medication use between narcolepsy patients with and without OSA (Table 1) . This result might reflect the importance of treating OSA in narcolepsy patients. CPAP treatment is a symptomatic rather than radical treatment; therefore, main-taining adherence is crucial to achieve a beneficial effect. However, Sansa et al. reported that 45.4% of narcolepsy patients who started CPAP treatment could not maintain this treatment (5) . Previous studies have reported that CPAP adherence is lower among patients with REM-related OSA than among those with non-stage-specific OSA (6, 9) . No single factor has been consistently identified as a predictor of CPAP adherence; however, the high prevalence of REMrelated OSA among narcolepsy patients with OSA might affect the results reported by Sansa et al.
Several limitations associated with the present study warrant mention. First, although measuring the cerebrospinal fluid orexin A level is the most important diagnostic criterium for affirming narcolepsy, none of our patients underwent this test, as it is not covered by the Japanese health insurance system (32) . This may have led to selection bias. Second, selection bias may have been present, as this study was conducted at a single facility. Finally, the effects of unknown confounding factors could not be excluded because this study was retrospective.
Conclusion
A high prevalence of REM-related OSA was confirmed in adult narcolepsy patients with OSA. Compared to previous reports, we noted a high frequency of REM-related OSA strictly satisfying Definition #3. These results might reflect the pathophysiological characteristics of narcolepsy. Further studies are needed to confirm the external validity of our study results.
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